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PAL is a portable automated lidar. Lidar data contains the laser beam backscattered 
signal，企omwhich we can obtain much information, such as boundary layer height, 
aerosol concen仕ation,raindrop size and so on. In this paper, the development of PAL 
with automated alignment system is described and some use白ldata of PAL are 
presented. 
1. Introduction 
Lidar (Light Detection and Ranging. Lidar) sends laser pulses to the a加 osphereand 
detects the backscattered signal企ommolecules and particulates present in the 
atmosphere. As the beam passes through the atmosphere, the gas molecules and 
particles cause the light to be attenuated or scattered. The backscattered light is then 
gathered by a receiving optics and detected by photon-detectors which convert由elight 
signal to elec仕ical.Lidar is a powerful tool for monitoring the atmosphere, especially in 
the upper atmosphere. An automatic (no person attended) lidar system which equips the 
automatic alignment mechanism, has been developed and operated for more than a yeぽ．
百児島atureof the system and some example of observation訂epresented. 
2. Objectives 
2.1 Analysis of the Boundary Layer Height (BLH) 
The boundary layer is ch紅acterizedby the abundant presence of aerosols, so the 
boundary layer height can be observed in the altitude where there is a sudden drop in 
aerosol concentration. 
2.2 Comparison of SPM Concen仕ationMeasurements with Lidar 
The signal derived from the Lidar system is compared to the SPM 
concentration measurement by a f3・ray absorption dust counter. 
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Extinction coefficient is important factor to calculate aerosol concentration. 
There Fernald’s inversion method was used in the software to compute in the 
Lidar signal. 
2.3 Measurement of Cloud Base Height (CBH) 
In computing the cloud base height, the slope of two consecutive data 
points is checked and when it satisfies a certain condition, it will be 
considered as a cloud base height. The value of slope is varied from 3 to 8 
range squared signal / range step (RSS/RS) (corresponding to Normalized 
Concentraton Graduent of 7%/m) depending on the level of noise in the 
signal. 
2.4 Raindrop Size vs. Downward Speed 
A falling drop feels a企ictionalforce企omthe air's viscosity that opposes gravity (the 
drop has to push its way through the air), the drop reaches a constant terminal velocity, 
and this terminal velocity is smaller for the smaller radius of a fluid particle or ice 
crystal. It turns out that this terminal velocity is quite small for drops with the size of a 
few millimeters and so, although the drops in a cloud fal, they fal so slowly that only 
care白lmeasurements would reveal this fact. 
More quantitatively we can say the following: The weight of a drop of位 ofradius R is
( 41r/ 3)R3 Pwg where Pw is the density of the water ( = 103kg/m三andg (=9.8 m/sec2) 
企e-falacceleration. If the drop is falling through air with velocity v, the viscosity of 
the air n (=1.75*10・5N* sec/m2) will cause企iction(Stokes law) 6miRv. [Here we 
neglect the densiりrof the air and assume that the viscosi勿 ofthe drop is much larger 
than viscosity of the air; we also assume白atthe drop is approximately spherical.] The 
terminal velocity of the falling drop is obtained by equating the weight and the friction 
force, and is given by 
v= 
2pwgR2 
9n 
百ms1 μm drop will have velocity of 0.13 mm/sec, or 11 m/day. Larger, 10 μm drops 
will stil fal slowly，～ l.lkm/day. Such fal rates can be neglected, especially since the 
motion of the 位 itselfcan be faster than that. 
Drops significantly smaller than 1 μm are not visible and will not be perceived as 
clouds, while 0.1 mm drops will fal with velocity of about 1 m/sec, i.e. it will rain. 
Larger drops will fal with even larger velocities; however, the air－企ictionstarts 
increasing faster than v, i.e. the velocity will not泊creaseas fast with increasing drop 
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size. At such large speeds the weight of the drop is balanced by the drag force 
(1/2）ρaCtrR.2v2, where Pa is the density of the air (=1.2kg/m3) and C=l.2 is the drag 
coefficient for sphere. According to this equation 1 mm drop will fal with velocity of 
4.3 m/sec and 10 mm drop will fal with velocity of 13.6 m/sec. However, drops larger 
th釦 5mm紅eusually broken into smaller drops that fal more slowly(Melinger, 1998). 
3. Method 
3.1 Specification Table 1 Specification of PAL 
PAL system specification is summarized 
in Table I. A Nd-YAG laser emitting is 
operated in pulse mode generated by an 
acoustic-optical modulator at 1.4 kHz. A 
KTP crystal doubles the laser frequency 
to 532 nm with a typical output of 15 
μJ/pulse. The output beam is expanded 
by a beam expander and is reflected by 
two prisms so that the emitted beam 
spatially coincides with the optical axis of 
the telescope. In order to reduce the 
background due to the skylight during 
daytime, a narrow field ・of-view angle of 
0.2 mrad is employed. The backscattered 
Laser 
Wavelength 
Laser Pulse Wid出
Laser Pulse Energy 
Pulse Repetition Rate 
Telescope type 
Telescope diameter 
Field of view 
PMT Detector 
Resolution 
Integration 
Photon counting 
signal is collected by a 20 cm diameter 
Cassegrainian telescope, detected by a 
photomultiplier tube in a photon counting scaler 
(Stanford Research SR430), accumulated for 20 
seconds, and stored in a personal computer (PC). To 
stabilize the alignment of the laser and telescope’s 
Remote control 
Alignment interval 
axes, automated alignment system is developed, 
described in the next section . 
PAL system is located at CERC in Ichihara City, 
Chiba Prefecture, as shown in Fig.1. 
Since the CERC is located in an indus仕ialarea, it is 
plausible that aerosol particles observed by the 
PAL system is significantly contributed by anthropogenic 
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LD Diode{LD)-pumped Q-switched 
Nd:YAG 
532nm 
50ns 
15 μ J/pulse 
1.4 kHz 
Schmidt-Cassegrainian 
20cm 
0.2 mrad 
Hamamatsu:HPK・R1924P
160ns (AR=24 m) 
20sec 
SR430 (Stanford Research) 
Via Internet (ADSL modem) 
IS min 
Fig.1 Location of PAL 
ongms. The system is installed indoor at about 4 m企omthe ground level, looking 
toward the north sky with an elevation angle of 38°. 
3 .2Automatic Alignment System 
A computer software was made to control the acquisition of the data and the 
alignment of the laser beam. The alignment is checked every 15 min. During the 
alignment procedure, the PC commands the controller to move the actuator for 
vertical direction about -10 units, then moves + direction by 1 unit step and 
integrate the signal for 1 second. Here 1 unit motion of the actuator (equivalent to 
the actuator resolution) corresponds to a change of 50 μrad in the tilt angle of the 
laser beam. The vertical actuator then is moved back to the peak signal position and 
the same procedure is applied to the actuator for the horizontal direction. It takes 
around 100 seconds to complete the whole process. Af王erthe alignment is finished, 
the PC continues to measure. 
4. Results 
4.1 The Boundary Layer Height (BLH) 
Figure 4.1 below shows a THI map taken on 18 April 2003. The boundary 
layer height calculated is represented by the white line, in this particular 
data, the boundary layer height was found to be in an altitude of around 1.0 
km to 1.1 km. The highest computed height, which is highlighted by the 
enclosure, corresponds to the highest recorded temperature during that day. 
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Fig. 4.1 Computed boundary layer height (18 April 2003) 
4.2 Comparison of SPM Concen仕組onand PAL Data 
Figure 4.2 shows comparison between the dust counter measurement (blue 
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Fig. 1 
line) and the range squared corrected signal of the lidar (red line). Since the 
dust counter measurements are done on a per hour basis, the range squared 
corrected signal of the lidar was also averaged per hour. The data of Fig. 4.2 
was taken on 3 and 4 August 2003, the two lines show a very similar pattern. 
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Fig. 4.2 SPおfdata and PAL data 
4.3 The Cloud Base Height (CBH) 
Fi郡ire4.3 is computed CBH by the lidar data taken on the 2nd of June 
2003 with the slope criterion set to 5, the figure shows the presence of clouds 
throughout the day at an altitude of around 1.8 km up to as high as 3 km 
above the ground. 
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Fig.4.3 CBH graph 
4.4 The Raindrop Size 
Figure 4.4 shows a THI map of the range squared corrected lidar signal taken 
on 28 June 2003. The slant profile seen in the image is actually rain fal. 
Considering the portion surrounded by the orange enclosure, as a rain drop 
is detected at the top portion of the enclosed portion, it is seen in the upper 
center of the enclosure. In the lower part of the enclosure, the drop is seen to 
lean towards the right, projecting a slant image. This is due to the fact that 
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as the time changes, the rain drop’s altitude also changes, this is shown in 
the graph as the change in x-axis and the change in y-axis, respectively. 
Therefore by getting the ratio of the change in y-axis (change in altitude) 
and the change in x-axis (change in time), the velocity of the rain drop is 
computed. In the program, this is done by drawing a line parallel to the 
observable rain image in the THI graph. For Fig. 4.4, the white line 
highlighted by the orange enclosure was drawn, and a terminal velocity of 
3.90m/s was computed, its corresponding drop size is 0.97mm in diameter. 
The computed values agree with the ground base precipitation rate 
measurement of 0.5mm/hr, which is consistent with light rain 
conditions.( Geerts, 2000) 
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Fig.4.4 Raindrop size analysis 
5. Conclusions 
The PAL system was able to accurately display the boundary layer height with the 
use of the Normalized Concen位ationGradient algorithm. A very good correlation 
was obtained in the comparison of the SPM concentration measurement by the f3-ray 
dust counter and the lidar derived extinction coefficient. The simple method in 
getting the cloud base height proved to be very efficient in the calculation of cloud 
base height. The derivation of rain drop size合omlidar return signal is reliable and 
is consistent with ground base precipitation rate measurements. 
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